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Objective. The aim of this study was to assess the relationship between urinary and tissue haemosiderin in chronic leg
ulcers, and its value as a diagnostic test for venous ulceration.
Methods. 45 patients with chronic leg ulcers were recruited to the study (24 venous, 6 ischaemic, 6 lymphoedematous,
5 rheumatoid and 4 sickle cell). Punch biopsy of the ulcer edge was taken and early morning urine samples were collected.
Positive Prussian-blue urinary haemosiderin granules were measured with a haemocytometer following Perls’ staining.
The percentage area of histological section staining positively with Perls’ was measured using image analysis.
Results. 84 urine samples and 46 ulcer biopsies were collected. Urinary haemosiderin was present in 92% of venous ulcer
patients, but was absent in the ischaemic ulcer patients (p< 0.0001). Significantly more urinary haemosiderin granules
were detected in venous ulcer patients compared with patients who had lymphoedema (p< 0.05). Tissue haemosiderin
was detected in all ulcer types investigated. No correlation was found between the amounts of haemosiderin deposited
in the tissue and the amount found in urine (r2¼ 0.06).
Conclusions. Haemosiderin is present in the urine of most patients with venous ulcers but not in ischaemia ulcers.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Chronic ulceration of the lower limb is a debilitating
condition frequently encountered in clinical practice.
Its prevalence is often underestimated.1 It adversely
affects patients’ quality of life and is responsible
for a considerable burden on the health service.2
Prolonged venous hypertension eventually leads to
lipodermatosclerosis in the gaiter area which often
progresses to skin ulceration.3 The precise pathologi-
cal mechanism leading to ulceration remains to be es-
tablished although numerous hypotheses have been
advanced.4e7
The clinical history and physical examination often
do not indicate the cause of the ulcer. Many leg ulcers
cannot be easily characterised, although venous dis-
ease is thought to be the cause of up to 70% of all
leg ulceration. The incidence of venous aetiology
may be overestimated many patients are diagnosed
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been ruled out. A number of diagnostic investigations8
have been developed to assess the venous system of
the lower limb but Duplex examination is now re-
garded as the investigation of choice.9 This deter-
mines if valvular reflux is present in either the
deep or the superficial veins but does not indicate
whether this is the cause of the ulceration. For exam-
ple, a venous disease can coexist with ischaemia and
malignant ulcers can develop in a limb with severe
venous disease. A diagnostic test for venous ulcera-
tion is therefore highly desirable.
The possibility that iron may play a part in chronic
venous insufficiency was suggested as early as 1965
by Myers who noted brownish pigmentation was
a common feature around venous ulcers and this pig-
ment was the result of disintegrated haemoglobin.10
Recently, the detection of haemosiderin in the urine
was found to be associated with varying degrees of
microcirculatory overload in chronic venous insuffi-
ciency.11 Prolonged venous hypertension impaired
venous drainage causing venular dilatation and
encouraging the diapedesis of red blood cells and fib-
rinogen through the inter-endothelial pores.12 These
red cells disintegrate in the interstitium and ironlar Surgery. Published by Elsevier Ltd. All rights reserved.
356 J. Tan et al.released from the haemoglobin is stored as haemo-
siderin granules in the dermal macrophages.13 As
haemosiderin continues to build up, some iron is
also excreted into the urine, but most of the iron in
the urine derives from cells containing haemosiderin
that have been desquamated.14 Therefore, the pres-
ence of haemosiderin in the tissue around the ulcer
may be the result of increased deposition but could
also be caused by a decreased clearance as there is
a progressive obliteration of the terminal lym-
phatics15,16 in patients with calf pump failure.
The free iron complexes with insoluble haemo-
siderin within the interstitial tissue result in typical
skin changes in the gaiter area.17e20 Many chronic
leg ulcers have multifactorial causes.21,22 A biomarker
which successfully differentiates venous ulcers from
ulceration of other aetiology would be extremely
valuable. The objectives of this study were to assess
the relationship between urinary and tissue haemosi-
derin in chronic leg ulcers and to test their potential as
diagnostic marker of venous ulceration.
Materials and Methods
Patients
Patients were eligible for the study if they had a leg
ulcer. Forty five patients attending a dedicated leg
ulcer clinic were recruited to the study following ethical
approval from the Guy’s & St. Thomas’ Hospital
Ethics Committee. All patients who gave informed
consent were included and underwent a thorough
history and physical examination. Investigations
were performed to ascertain the most likely underly-
ing diagnosis for the leg ulcers and to ensure no other
causes of haemolysis were also present (Table 1).
Ulcers were called ‘venous’ if there were positive evi-
dence of venous reflux on duplex scan and negative
serology for autoimmune diseases. Ischaemic ulcers
were confirmed by an ABPI of less than 0.8. A diagno-
sis of lymphoedematous ulcers was confirmed by
radioisotope lymphography. The diagnosis of rheu-
matoid ulcer was made by finding the characteristic
Table 1. Patient numbers and ulcer aetiologies in the study
Ulcer aetiologies n Skin biopsy Urine samples
Venous 24 24 11 (1), 5 (2), 2 (3), 6 (4)
Lymphoedematous 6 6 4 (1), 2 (2)
Sickle cells 4 4 4 (2)
Ischaemic 6 6 5 (1), 1 (2)
Rheumatoid 5 5 5 (2)
Urine samples: number prefix denotes patient number. (n)¼ number
of repeated samples.
Eur J Vasc Endovasc Surg Vol 34, September 2007changes of rheumatoid arthritis in the hands and
joints, positive serology for rheumatoid factors and
no evidence of large artery disease in the legs. Sickle
cell ulcer was diagnosed on the basis of positive sickle
cell trait and absence of autoimmune serology with no
venous insufficiency on duplex scan.
An ulcer was only accepted as healed when all
scabs were removed to reveal the intact underlying
skin with no exudates.
Urine sample collection and haemosiderin
determination
20 ml of early morning urine samples were collected
in a preservative free plastic container from all patients.
The urinary haemosiderin was measured soon after
collection.
10 ml of the urine sample was divided into sedi-
ment and the supernatant fractions by centrifugation
for 5 minutes at 2100 rpm (400 g) at 4 degree Celsius.
The supernatant was decanted and discarded to leave
a volume of 0.4e0.5 ml pellet. The sediment was thor-
oughly mixed with 5 ml of freshly reconstituted Perls’
reagent23 (equal part of 2% Potassium Ferrocyanide
(Sigma, St Louis, MO) in distilled water and 2% HCl
acid (Sigma, St Louis, MO)). The suspension was left
to stand for 10 minutes. The centrifugation process
was repeated, the supernatant was decanted and the
blue stained pellet was resuspended in 0.1 ml of dis-
tilled water. 0.5 ml of the suspension was transferred
to a haemocytometer (Hawksley & Sons, Cristalite
BS748 counting chamber, Lancing, UK) and the num-
ber of haemosiderin crystals was counted using light
microscopy (Fig. 1).
Skin tissue collection and histochemical staining for
haemosiderin
A 4-mm punch biopsy (Stiefel laboratories, UK) was
taken on the ulcer margin under 1% Xylocaine local
anaesthetic on each patient. The biopsies included
the surrounding intact skin, the ulcer edge and the ul-
cer base. The skin specimen was immediately fixed in
10% formalin solution, dehydrated sequentially with
alcohol and later embedded in paraffin wax. Tissue
sections were cut at 5 mm using a microtome and histo-
chemically stained for haemosiderin.
The detection of haemosiderin (Fe3þ) on the paraf-
fin embedded tissue and positive control sections was
carried out using Perls’ method.23 In brief, the sections
were dewaxed and treated with Perls’ agents at room
temperature for 10 minutes. Sections were later coun-
terstained with 2% Neutral Red in distilled water for
357Tissue and Urinary HaemosiderinFig. 1. Typical haemosiderin granule stained positively with Perls’ reagent under light microscopy. A, a haemosiderin granule
in higher magnification.5 minutes. Excess stain was cleared using distilled
water and 100% alcohol.
Image analysis e Tissue haemosiderin
Tissue sections were viewed at  2.5 magnification
and digital images were captured with a colour video
camera (Media Cybermetrics, Roper Scientific Photo-
metrics) mounted microscope for later analysis. The
presence of haemosiderin in the tissue was demon-
strated as ‘Prussian blue’ coloured area with Perls’
stains, these areas were objectively quantified using
the Image Pro Plus package (Media Cybernetics,
USA) where the margin of the tissue was traced and
the area containing haemosiderin was defined as the
Area of Interest (AOI) with a predefined colour.
This resulted in colour segmentation expressed as
percentage of AOI and data was transferred into an
open Excel (Microsoft) spreadsheet for further
analysis.
Statistical analysis
The results were expressed as median using 95% con-
fidence interval (CI). Comparisons between individual
groups of patients were made using Mann-Whitney
and unpaired t test where appropriate. Kruskal-Wallis
rank tests were used to compare results between differ-
ent groups of patients. Analysis with p-values of less
than 0.05 was regarded as significant. The correlation
between the tissue and urinary haemosiderin was
studied using the Pearson correlation coefficients.
The Sensitivity, specificity, positive predictive value(PPV) and negative predictive value (NPV) were also
determined.
Results
Twenty four of the 45 patients recruited were consid-
ered to have venous ulcers, six patients had lymphoe-
dematous leg ulcers, four patients had sickle cells leg
ulcers, six patients had ischaemic leg ulcers and five
patients had rheumatoid ulcers. (Table 1).
A total of 84 urinary samples were collected. Of
which, 20 patients gave a single sample, 17 patients
gave 2 samples repeated on different occasions, 2 pa-
tients gave 3 separate samples and lastly, 6 patients
gave 4 separate samples. 45 individual skin biopsies
were collected in the study.
Urinary haemosiderin
On the initial urine samples, measurable haemosi-
derin was present in 22 out of 24 patients with venous
ulcers. No haemosiderin was found in all 6 patients
with ischaemic leg ulcers (p< 0.005). The median uri-
nary haemosiderin levels (median 1.49, 95% CI. 1.162,
3.737) were significantly higher in patients with
chronic venous ulcer than in those patients with
non-venous ulcers (p< 0.005, Kruskal-Wallis test)
(Fig. 2). There was a statistically greater amount of
urinary haemosiderin present in patients with venous
ulcers than in the patients with lymphoedematous leg
ulcers (p< 0.05, Mann-Whitney test), but not in those
with rheumatoid or sickle cells ulcers. Sensitivity
analysis showed that the urinary haemosiderin has
Eur J Vasc Endovasc Surg Vol 34, September 2007
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PPV of 69% (Fig. 3) in determining a diagnosis of
venous ulcerations.
Expression of tissue haemosiderin
An example of haemosiderin present in the tissue of
ulcer margin is shown in Fig. 4. Biopsies taken from
all types of ulcer in the study demonstrated some hae-
mosiderin of varying proportions with haemosiderin
detected in 35 of the 45 samples collected. The stain-
ing pattern of haemosiderin in the intact skin, ulcer
edge and ulcer base were similar in the biopsies
from both non-healing and healing ulcers of all aetio-
logies. Haemosiderin was not present in the epidermis
of the intact skin surrounding the ulcer or in the ulcer
edge. Almost all the haemosiderin (ferric ions) was
present in the dermis of the ulcer base.
Twenty two of the 24 ulcer biopsies (91%) taken
from patients with venous ulcers had evidence of
some tissue haemosiderin. Four of the 6 patients
with ischaemia ulcers (66%), 2 (50%) of the patients
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Fig. 2. Results of urinary Haemosiderin analysis.
Significant higher haemosiderin count was detected in pa-
tients with venous ulcer. No statistical differences were de-
tected between venous ulcers against rheumatoid (p¼ 0.15)
and sickle cell ulcers (p¼ 0.3) respectively. There was also
a difference between venous ulcers and non-venous ulcers
( p< 0.005, Kruskal-Wallis) (not shown).
xMann Whitney test.
Fig. 3. Sensitivity analysis in urinary haemosiderin.
Venous ulcer; Sensitivity (22/24) 91%, Specificity (11/21) 52%,
Positive prediction value (22/32) 69% and Negative predic-
tive value (2/13) 15%. Ischaemic ulcer; Sensitivity (0/6) 0%,
Specificity (6/6) 100%, Positive predictive value (0/22) 0%
and Negative predictive value (6/8) 78%.
Eur J Vasc Endovasc Surg Vol 34, September 2007with sickle cell ulcers, 4 (66%) of the patients with
lymphoedematous ulcer and 4 (80%) of the patients
with rheumatoid ulcer (Fig. 5) were found to contain
haemosiderin in their ulcer biopsies. The median con-
centration of haemosiderin was higher in venous
ulcers (p¼ 0.0039, Kruskal-Wallis test) than in any of
the other types of ulcer studied. There was a signifi-
cant difference in the tissue haemosiderin when the
venous ulcers were compared with ischaemic ulcers,
Fig. 4. Picture of a section showing extensive haemosiderin
staining following Perls’ reagent. Haemosiderin appeared to
be confined to the dermis with no positive staining found in
the epidermal region.
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Fig. 5. Percentage of tissue haemosiderin strained in non-
healing ulcers.
Staining was performed on 38 samples. Apart from rheuma-
toid ulcer, there were significant differences detected in
comparing venous ulcer against the other aetiologies in
the study. [p values, 0.003 (Ischaemia), 0.033 (lymphoedem-
atous) and 0.017 (sickle cells ulcers)].
359Tissue and Urinary Haemosiderinlymphoedematous and sickle cells ulcers individually
(p¼ 0.003, 0.033 and 0.018, Mann-Whitney test). No
significant difference was observed when venous
ulcer were compared with rheumatoid ulcers.
(Fig. 6). In venous ulcer patient group, lower tissue
haemosiderin was detected in ulcers that healed
(median 1.85, 95% CI. 0.60) than in those that did
not heal (median 3.10, 95% CI 1.12) but the difference
was not statistically significant (p¼ 0.32).
Relationship between tissue and urine haemosiderin
The amount of urinary haemosiderin detected in the
patients in this study did not correlate with the amount
of tissue haemosiderin seen in the skin biopsies. No
consistent trend was apparent between the haemosi-
derin demonstrated in both tissue and urine (Pearson,
p¼ 0.72, r2¼ 0.06). The patients with ischaemic ulcers
had much smaller amount of haemosiderin in the ulcer
tissue than any of the other groups, which mirrored the
absence of haemosiderin in their urine samples.
Discussion
At present, the diagnosis of venous ulceration is made
by clinical criteria combined with an abnormal duplex
assessment of the leg vessels.24 Duplex is valuable in
providing an anatomical assessment and functional
evaluation of the veins and arteries, but does not con-
firm that a venous abnormality is responsible for the
ulcer. A Doppler pressure index measurement is
useful to exclude severe concomitant arterial disease.
In diabetic patients with incompressible calcified
arteries, false positives may be present. Above the
inguinal ligament, Duplex scanning may be mislead-
ing, especially in obese patients and in patients with
swollen legs, it is not as accurate as phlebography in
detecting impaired venous drainage.25
An easily measurable biochemical marker of
venous ulcers would be extremely valuable. It has
been known for many years that haemosiderin can
be identified in the urinary sediments of patients
with intravascular haemolysis13 and more recently it
Fig. 6. Tissue Haemosiderin sensitivity test.
Venous ulcer; Sensitivity (21/23) 92%, Specificity (8/22) 36%,
Positive prediction value (21/35) 60% and Negative predic-
tive value (2/10) 20%.has been shown to be found in patients with chronic
venous insufficiency.11 Despite extensive investiga-
tions of the link between skin hyperpigmentation
and haemosiderin, it has never been assessed as
a marker of venous ulcerations.
In this study, the histochemical staining indicated
that haemosiderin was found predominantly in the
dermis of the leg ulcer bases with virtually none in
the surrounding epidermis. All but two patients with
venous ulcers had evidence of deposition of haemosi-
derin. Other biopsies studied have suggested that hae-
mosiderin levels decrease as venous ulcer heal.26 There
may be because iron mobilization increases during
healing and red blood cells diapedesis is reduced by
the compression bandages.27 Our study has shown
that varying levels of haemosiderin are present in
tissues of all in ulcers of non-venous causes.
Urinary iron excretion has been shown to have
diurnal fluctuations which parallel those of haemo-
globin which have been linked with physical activity.28
An appropriate urine sampling is crucial and the
use of a random urine sample is undoubtedly open
to criticism. In our study, the decision to use an early
morning urine sample may have helped to limit the
risk of underestimating the amount of haemosiderin
in the urine. Low levels of haemosiderin were de-
tected in the urine, and patient over hydration prior
to urine collection may further dilute the urine speci-
men. This could explain the absence of urinary hae-
mosiderin in two of the patients thought to have
venous ulcer in our study.
Although haemosiderin was found in both urine
and tissue samples, no correlation was seen between
the amounts that were found. We consider that an
explanation for this is that the tissue haemosiderin
represents more of an accumulative process arising
within the subcutaneous tissue in patients with ve-
nous disease. It is also likely that the amount of hae-
mosiderin would be proportional to the duration of
the ulcer. Whereas the urinary haemosiderin in the
urine sediments merely provides a ‘snap shot’ of the
increased renal haemosiderin load.
In a separate analysis, were unable to show a rela-
tionship between the tissue haemosiderin found in the
healed and unhealed groups of patients. Haemosi-
derin does not appear to provide any prediction of
repair in patients with venous ulcers.
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